It is generally assumed that deforestation affects a species consistently across space, however populations near their geographic range edge may exist at their niche limits and therefore be more sensitive to disturbance. We found that both within and across Atlantic Forest bird species, populations are more sensitive to deforestation when near their range edge. In fact, the negative effects of deforestation on bird occurrences switched to positive in the range core (>829 km), in line with Ellenberg's rule. We show that the proportion of populations at their range core and edge varies across Brazil, suggesting deforestation effects on communities, and hence the most appropriate conservation action, also vary geographically.
, raising the need to reassess the theoretical framework underpinning the approaches used to evaluate the drivers of species sensitivity.
It is well established that species that occur over small geographic ranges have narrow tolerances to abiotic conditions and are more likely to be rare within their range 7 . While range size correlates with overall niche breadth, range limits also correspond to niche limits [7] [8] [9] . Previous theoretical and small-scale empirical studies have proposed that populations near their range edge are more sensitive to habitat change than populations within their range core [10] [11] [12] [13] . This challenges current thinking that all populations within a species will have the same response to deforestation 3, [14] [15] [16] ; if true, such a pattern would have importance for conservation.
Here we test the hypothesis that variation in sensitivity to habitat loss is determined by distance to range edge, using birds as a study system because of the breadth of existing biological and macroecological knowledge for the taxon [17] [18] [19] . We used seven datasets of bird responses to habitat loss and fragmentation from the highly threatened Brazilian Atlantic Forest, including 378 species detected over 211 sites spanning 2,000 km (Supplementary Table 1 and Supplementary Data 1).
To explore intraspecific variation in sensitivity to habitat loss, we used data on 24 species that occurred across all five point-count studies. We found that, controlling for species-specific responses, sensitivity to deforestation decreased substantially with increasing distance from the edge of a species' geographic range (coefficient (standard error) = −0.0079 (0.0017), t = −3.86, Fig. 1a , Supplementary Fig. 1 ). Species that were only sampled close to their range edge showed little intraspecific variation in sensitivity and on average occurred in sites with more than 50% forest cover (for example, Trogon rufus and Celeus flavescens; Fig. 1b-d) . However, species with greater variation in distance to range edge (for example, Hylatomus lineatus, Leptotila rufaxilla and Piaya cayana; Fig. 1b-d ) exhibited a steep decline in sensitivity towards their range core, including populations that are positively affected by forest cover near their range edge (Fig. 1c) but negatively affected at large distances from the range edge (Fig. 1d) .
Such dramatic intraspecific variation in sensitivity to habitat loss has important consequences for the field of ecology and the development of conservation strategies. First, it suggests that it is limiting to use trait averages to predict sensitivity at the species level 3 , as we may not be able to categorize many species as either winners or losers. It also reinforces the use of trait variance 20 and range size to predict species propensity to extinction because populations from species with small ranges are always close to their range edges 15 . Second, although the concept of indicator species has been used since Ancient Greece 21 , these indicators have now been shown to lack the ability to mirror other species responses 22 and here we show that they lack the ability to mirror their own species responses to environmental change elsewhere.
There are many reasons why populations near their range edges may be more sensitive to deforestation. Climatic suitability and individual performance often deteriorate towards a species' range edge 13, 23 and lower densities may reduce species' abilities to adapt to deforestation due to lower genetic variability 24 . Populations at a range edge also have fewer neighbouring populations than those in the core, so lower immigration rates may reduce population sizes 8 . All of these compatible explanations highlight that distance to range edge is simply a proxy for biotic and abiotic changes that vary predictably across species ranges and we encourage future research to explore the underlying mechanisms. Nevertheless, the use of distance to range edge presents the advantage of allowing us to obtain a community-wide assessment of a 'turning point' at which species change their responses to deforestation (Fig. 1c,d ).
We used incidence data from all 378 bird species in our datasets to estimate the community-wide responses to distance to range edge and forest cover and to test for a turning point. Our model shows that the probability of incidence increases significantly (all P << 0.0001) with both forest cover (coefficient (standard error) = 2.46 (0.26)) and distance to range edge (0.096 (0.012)), suggesting that species have higher incidence in areas with higher habitat cover and at higher distance from the range edge. However, we found a strong negative interaction between forest cover and distance to range edge (−0.085 (0.011)), such that the effect of forest cover inverted at 829 km (95% confidence interval: 614-1180 km) from range edge (Fig. 2, Supplementary Figs . 2 and 3 and Supplementary Tables 2  and 3 ). Incidence is positively influenced by habitat cover up to this turning point and becomes negatively affected by forest cover farther into the species' range core.
This pattern is compatible with Ellenberg's rule, which states that species reach peak abundance not where abiotic conditions are best for them but where their competitors and natural enemies allow them to 25 . If areas with high habitat cover have many competitors, then an individual able to tolerate a larger range of habitats within its range core would preferentially inhabit areas with lower forest cover to avoid competition. However, near the range edge, individuals are already under stress so can only occur in their preferred forested habitat. Interestingly, average incidence was only strongly affected by distance to range edge at lower levels of forest cover (Fig. 2) . In areas with 100% forest cover, incidence values varied little, showing that habitat loss creates opportunities for populations in the range core that would otherwise remain at low abundances.
We then extrapolated our results to assess the status of bird populations across the Atlantic Forest. Mapped species richness estimates from extent of occurrence polygons for 884 terrestrial bird species recorded across the ecoregion shows large variation in Observations of 378 bird species across 211 sites from seven studies. Contour lines and colour hue show the probability of incidence, colour intensity shows the density of underlying data (palest: 1 observation; darkest: 256-512 observations). The dashed line indicates the threshold at 829 km from the range edge, below which predicted incidence increases with forest cover and above which incidence decreases with forest cover.
species richness and there is also large variation in remaining forest cover (Fig. 3a,b) . We then used the estimated effects of distance to range edge and forest cover to predict the summed probability of incidence (∑i) across the ecoregion for the entire avifauna. We predict high ∑i in large forest patches of the south-east where species richness is highest but, interestingly, also in the highly deforested north-east (Fig. 3f) . This is because south-western communities are dominated by populations near their range edge, while species in north-eastern communities are typically closer to the core of their range (Fig. 3c) . Hence, in the south-west, a high ∑i can only be achieved in highly forested areas, as seen by the stark contrast of large patches against their deforested surroundings (Fig. 3f,g ). In the north-east, because species better persist in areas with lower habitat cover, there is a smaller distinction in the predicted ∑i b, Mapped species richness from extent of occurrence polygons. c, Spatial variation in the proportion of species whose populations are in their range core (>829 km from range edge). Predicted summed incidence (∑i) assuming 100% forest cover throughout the Atlantic Forest (d) is largely a scaling of mapped species richness (darker points indicate overlapping data, dashed line indicates 1:1 relationship), however incorporating current forest cover (e) demonstrates that ∑i differs substantially from mapped species richness. Spatial variation in ∑i values (f) and the ratio of ∑i to mapped species richness (g) shows the much reduced overall occupancy from our analysis and the importance of the proportion of species in their range core in dictating the scale of that reduction.
between landscapes with high and low forest cover. Although many critically endangered species occur in the north-east 26 , we suggest that-because most species in this region are close to the core of their ranges-the bird community is better able to persist in a highly deforested countryside (Fig. 3g) .
These findings could help explain why few extinctions have been documented in the Atlantic Forest despite high endemism and low habitat suitability 16, 27 . Forest cover is largely concentrated in the south-eastern parts of the realm (Fig. 3a) , where there is enough old-growth forest to sustain healthy populations of most species despite the high sensitivity of these populations given their proximity to their range edges. Deforestation in the north has reached much higher levels than in the south (Fig. 3a) but the overall community is mostly composed of populations within their range core, which are likely more resilient to disturbance (Fig. 3c,g ). These results suggest that the best conservation actions may vary across the Atlantic Forest-in the south, investing in protection of large reserves and widespread restoration may be the only effective solution to safeguard the future of a large number of edge populations. In the north, the best strategy may be to target species at risk, such as the Alagoas Antwren, and improve the habitat to suit the requirements of these specific species, an approach that has already been adopted by BirdLife/SAVE Brazil. Most importantly, our results would allow predictions of the effects of disturbance on birds around the world and to determine whether the weaker effects of habitat transformation observed on birds in the Northern Hemisphere 19 occur because species in this region have generally large range sizes 17 .
Methods

Data. Bird data.
To assess bird species responses to habitat loss and distance to range edge, we used data from seven independent studies from five different regions of the Brazilian Atlantic Forest (Fig. 3a , Supplementary Table 1 ). All studies were primarily focused on understanding the effects of habitat fragmentation on bird communities and were thus conducted both in fragmented landscapes and in large forest remnants (as controls). In all studies, birds were only sampled within forest patches, which varied in size and proximity to nearby patches and which were embedded in a mixed matrix of pasture, agriculture and silviculture. In total, we obtained data on presence-absence (hereafter incidence) from a total of 379 bird species sampled in 211 sites (Supplementary Data 1). One species, Picumnus albosquamatus, had to be excluded from analyses due to issues related to range accuracy and taxonomy, so further analyses were conducted on 378 species. Species taxonomy was aligned to the BirdLife International checklist v.2. The studies differ in observers and sampling effort, which influences the detection probability but these variables were controlled for within each study. They also differ in sampling methods (two mist net and five point-count studies), so we controlled for random differences between studies in statistical models (see Statistical analyses below).
Measurement of forest cover.
To obtain a measure of forest cover for each site, we used the highest resolution contemporary map for each study area. For the Bahia study, we used a map based on Quickbird and WorldView from 2011, digitized at a scale of 1:10,000. For the Parana study, we used the Atlantic Forest cover map from 2013 to 2014 obtained from SOS Mata Atlântica (30 m pixels) (ref.
28
). For studies conducted in the state of São Paulo, we used the mapping from the Instituto Florestal, which is performed at higher resolution (10 m pixels) and accuracy than the SOS Mata Atlântica mapping 29 .
We calculated the percentage of forest cover falling within a buffered radius around each sampling site using the package sf in R software 30, 31 . We explored the effects of changing the buffer radius from 100 m out to 5,000 m in 100 m increments. The percentage forest cover changes in three predictable ways as the radius increases. First, the modal proportion cover across sites shifts from high to low cover ( Supplementary Fig. 2a ), reflecting the small average size of surveyed fragments and the high levels of habitat conversion in the landscape. Second, there is increasing overlap between buffers ( Supplementary Fig. 2b ), reflecting the scale of the landscapes studied and the spatial separation of sites: with a 600 m radius, the total buffered area is 86% of the theoretical maximum (number of sites × individual buffer area) but this falls to 50% with a 3,000 m buffer. Third, the variance in proportion of forest changes ( Supplementary Fig. 2c ): since all sites are within fragments, small-sized buffers will give uniformly high forest cover estimates and hence low variance; large buffers will lead to convergence on the average of the local study landscape. The peak variance at intermediate scales (~500-1,000 m, Supplementary Fig. 2c ) therefore draws out the differences between sites most clearly.
No single buffer size captures how the avian community experiences the landscape but we selected the 600 m radius for use in our main analyses for four reasons. First, although there is wide variation in both the home ranges of species and their ability to move between fragments, most species show relatively restricted movement (~150 m, ref. 32 ). Second, this shorter distance better reflects the sampling design of the original studies to capture differences between sites within landscapes at sub-kilometre scales: the median nearest neighbour distance for our sites is 1,409 m. A buffer radius of 600 m therefore ensures greater independence in measurements between neighbouring patches. Third, this scale corresponds closely to the maximum variance in proportion forest cover. Fourth, it is similar to that used in other studies in the region 18, 33 . We do, however, explore in detail how buffer radius influences the prediction of community-wide responses (see 'Statistical analysis' below).
Range maps and distance to continental range edge. We downloaded recent (2017) polygon extent of occurrence range maps of the global avifauna from BirdLife International 34 . We intersected species polygons with the SOS Mata Atlântica map 28 to identify the Atlantic Forest avifauna and then excluded introduced species and birds that are not primarily terrestrial; this resulted in a set of 884 species including all 379 species observed in our data. We retained polygons where species occurrence is uncertain to better capture the potential rather than the realized niche of each species. We then isolated the continental edges of the range of each species, since range truncation at the coast is not a useful indicator of biotic or abiotic range limitations. We use a 10 km buffer around a coastline to divide the range polygon boundaries for each species into 'continental' and 'coastal' sections of range edge. In an ideal world, the range polygons would be clipped to a single known and available coastline template and coastal range edges could be defined by looking for precise alignment with that template. In practice, this is not possible as polygon range maps in general show small variations in the alignment of coastal edges and bespoke coastline definitions. The coastal limits of the species range maps show great similarity to the GSHHG coastline data (http://www.soest.hawaii. edu/wessel/gshhg/) and we have used the full-resolution coastal (L1) GSHHG dataset for the New World as a baseline coastal template. In a small number of locations, BirdLife species range polygons follow a common shoreline that is treated as inland waterways in the GSHHG, such as the Baía de Caxiunã, or is absent from the GSHHG. In these cases, we have amended the GSHHG coastline to include 'inland' coastline from the range of a widespread species that we would expect to have a range truncated at the coastline. The resulting vector coastline closely matches the aggregate coastal edges of the species distributions and the 10 km buffer strikes a balance between artificially segmenting clearly coastal range margins and excluding real continental margins close to the coast. We acknowledge that we lose information on patterns in range limits very close to the coast.
Distance to range edge for each species was then calculated directly as the Euclidean distance between target locations and the nearest point to that species' continental range edge. For the field data, the target locations were the sampling sites and for the model extrapolation, the target locations were the cell centres of the extrapolation grid (see 'Extrapolation to Atlantic Forest avifauna' below). In both cases, the species' range polygon was used to identify whether target locations fell inside or outside the species range and we use negative values to indicate where species in our data were observed outside their polygon ranges. In the case of observed data, this would occur through vagrancy or inaccuracies in extent of occurrence maps. We use a signed square root transformation of distance to edge (D) in all models to reduce the kurtosis of this variable: sign(D) × √(abs(D)). We used Python v.3.6.4 and the osgeo, shapely and geopandas packages to carry out all geoprocessing of range maps and the South America Albers Equal Area Conic projection (https://epsg.io/102033) was used for all calculations.
Statistical analyses. All statistical analyses were performed using R (ref. 31 ).
Intraspecific variation in species sensitivity to forest cover (Model 1).
Species responses to forest cover can be estimated using binomial regression (incidence as the response variable). However, such models perform poorly with sparse data (as when species are rare) or where there is little variation in incidence (as when species are common and widespread) 35 . We therefore use the average forest cover of sites within each study in which a species was observed as a simple measure of sensitivity. This procedure is called weighted average ordination 36 and has been used previously to order species responses to habitat loss 6, 18, 37, 38 . We calculated these values for 24 species that occurred in all five studies conducted using point count sampling, omitting the mist net studies, which have different detection probabilities. We also calculated the mean distance to range edge for occupied sites for each of these 24 species within each study.
To test for an overall consistent pattern in that relationship, we fitted a linear mixed effect model (in package lme4, ref. 39 ) of sensitivity as a function of mean distance to edge and used the R package piecewiseSEM (ref. 40 ) to calculate marginal and conditional values of R 2 . We logit transformed the sensitivity measure and included random effects to control for species to species differences and for the fact that different studies varied in their average proportion of forest cover. This model had a marginal R 2 of 0.082 and a conditional R 2 of 0.43. Although the marginal R 2 was low, individually, most species showed a similar steep slope and reasonably high coefficient of determination (Fig. 1, R  2 shown in Supplementary  Fig. 1 ). Individual graphs in Supplementary Fig. 1 were created by fitting speciesspecific linear regressions (n = 5 sites) of the effect of distance to range edge on sensitivity (logit transformed).
We conducted binomial regression using incidence and site-specific distances for five selected species, in two selected studies, to provide examples of variation in incidence responses to forest cover (Fig. 1c,d , Supplementary Table 1 for sample sizes within studies). These were selected non-randomly to demonstrate a range of species responses.
Estimating the community-wide response to forest cover and distance to range edge (Model 2).
We fitted a binomial generalized mixed effect model using the incidence of the 378 species across all 211 sites as the response variable and including forest cover and transformed distance to range edge as interacting fixed effects (incidence ~ forest cover × distance to range edge). We included two random effects. First, (forest cover | study) accounts for landscape and sampling method differences in the average probability of incidence or detection between studies and for variation in the slope of that relationship between studies. Second, (forest cover × distance to range edge | species) allows for species' specific variation in incidence with the main effects. Given the fixed effects structure as β β
(where I is predicted incidence, D is distance to edge, P is proportion forest cover and β n are the model coefficients), the threshold distance (D T ) at which incidence does not change with varying forest cover ( = 0 The model fixed effect coefficients are quantitatively similar to a comparable model fitted just to the point count studies (Supplementary Table 2 ) and its Akaike information criterion (AIC) is lower than a similar model without the interaction term (ΔAIC = 45.01). Although 98% of the random effects variance is captured by two components-the intercept, reflecting differences in species incidence, and species-specific responses to forest cover (Supplementary Table 2 )-we retain all random effects in our model structure to properly account for differences in methods across studies and to control for sample size. Most of the variance explained by the model derives from the random effects (conditional R 2 = 0.703), reflecting the fact that species vary widely in their levels of incidence and in their responses to forest cover. The fixed effects, capturing the community average response, are strongly significant but weakly explanatory (marginal R 2 = 0.054). This low fixed effect R 2 is expected, as there is a great deal of interspecific variation around the shared community response captured in the fixed effects (Supplementary Table 2 ) and there are many species in the model. The relative magnitudes of the conditional and marginal R 2 values reflect this partition of explained variation between interspecific differences and shared response. However, the interspecific differences are variation on a theme around a clear community average response. We calculated the distribution of overall speciesspecific effect sizes for the predictors (that is intercept, slopes for forest cover and distance to range edge and their interaction) by combining the fixed effects estimates with the species-specific random effects ( Supplementary Fig. 4) . These show that the responses of most individual species are concordant with the pattern captured in the community fixed response: positive effects of both distance to edge and proportion forest cover and a negative interaction between the two.
As a whole, this model predicts a large proportion of the community-wide variation in incidence from two variables-distance to range edge and forest cover-that show large interspecific variation. Adding further explanatory variables would alter the balance of fixed to conditional R 2 ; for example, including a factor identifying groups of species with similar responses would attribute that variance to the fixed effects rather than random effects. Specifically, we think the following fixed effects might underpin some of the wide variation in interspecific responses: (1) local habitat conditions, such as altitude, rainfall, distance to forest edge and forest quality; (2) other disturbances such as logging, hunting and illegal trade; (3) taxonomic or phylogenetic information; and (4) differences in detection probability between species.
We also refitted this model to assess the effect of increasing buffer radius in calculating forest cover: the overall effect is to emphasize the role of areas of high forest cover near range edges. With a 3,000 m buffer ( Supplementary Fig. 2d) , the relationship at low forest cover is unchanged: occupancy is only high well within species ranges. However, higher occupancy is estimated close to the range edge, provided that the wider landscape is forested. The pattern of low occupancy for highly forested patches far from species' range edges is maintained ( Supplementary  Fig. 2d ). This pattern is consistent across the range of buffer sizes ( Supplementary  Fig. 2e-h ) and the predicted distance threshold at which the relationship with forest cover changes slope is also fairly consistent (767-1,007 km). The intercept (Supplementary Fig. 2e ) and effect of distance from range edge ( Supplementary  Fig. 2f ) change little. Both the effect of forest cover (Supplementary Fig. 2g ) and the interaction term ( Supplementary Fig. 2h ) change more markedly, corresponding to an increasingly high peak in predicted occupancy for sites with high forest cover close to species' range edges (bottom right of Supplementary   Fig. 2d ). However, we note that the marked decline in average cover (Supplementary Fig. 2a ) means that the relationship at high forest cover is supported by fewer data as the buffer size increases.
Model performance and validation. We used Area Under Receiver Operating Characteristic (AUROC) to assess the performance of modelled probability of incidence in predicting observed incidence in Model 2 ( Supplementary Fig. 4 ). We used two approaches to validate the transferability and generality of the model: (1) leave-one-out cross validation, omitting each study in turn; and (2) single study models. In each case, we fitted the model to the appropriate subset of the data and then predicted incidence for the holdout study (or studies). Model predictions for fitted data, conditioned on all random effects, show very high model performance for both the full model (AUROC = 0.867) and all cross-validation models (0.931 ≥ AUROC ≥ 0.833, Supplementary Fig. 4) , although some studies within models are more poorly predicted (minimum AUROC = 0.689). Predictions for holdout studies cannot be conditioned on the random effects and so we use unconditioned model predictions to perform cross validation. AUROC values from unconditioned predictions are poor for both the full model (AUROC = 0.622) and cross-validation models (0.679 ≥ AUROC ≥ 0.542). The low performance is expected from the low marginal R 2 of the model and we use these values primarily to confirm that models have comparable performance for holdout studies and for fitted studies (Supplementary Fig. 4 ).
Extrapolation to Atlantic Forest avifauna. We used the 2013-2014 SOS Mata Atlântica vector maps of remaining forest fragments to calculate proportion forest cover at a 1 km 2 resolution across the whole Atlantic Forest. The approximate area of the Atlantic Forest boundary shown in Fig. 2 . For each of the 884 species in the Atlantic Forest avifauna, we calculated the distance to nearest continental range edge for each 1 km 2 cell. We used the main effects estimates from the mixed effects model on incidence (above) to calculate the probability of incidence for each species in each cell and then summed these to give ∑i: the sum of species incidence from the model (a measure of predicted species richness given distance to range edge and proportion of forest cover at each site for each species). We calculated ∑i using both current forest cover and assuming complete forest cover to compare the effects of distance to range edge and forest cover on model predictions (Fig. 3d,e) .
We calculated the predictions of incidence in Fig. 3 using just the fixed effects obtained from Model 2 and not the random effects. The random effects are to varying levels correlated to each other (Supplementary Table 3 ) and ideally we would have incorporated the covariance structure of random effects to predict species incidence. However, the extrapolations presented in Fig. 3 are for the entire Atlantic Coast avifauna (884 species), which include a number of species not observed in the data used to fit the mixed effects models (378 species). Our decision to just use the fixed effects for extrapolation was on the basis of the fact that we do not have random effects associated with these extra species and the potential for taxonomic and spatial biases.
Reporting Summary. Further information on research design is available in the Nature Research Reporting Summary linked to this article.
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Study description
The major aim of this study was to test whether sensitivity to deforestation changes with distance to the species' range edge. To tackle this aim, we applied two different approaches. In the first approach, we assessed intraspecific variation in responses to habitat loss by focussing on the species that were detected in all five point count studies, and by obtaining a value of sensitivity that represented the response of a given species to habitat loss at a given study. Then we used this sensitivity value per study and per species to test whether sensitivity is higher near the range edge. We had data from five point count studies and 24 species detected in all five studies, thus in total we had 120 observations which were analysed with a mixed effect model. Then, we conducted another mixed effect model where we tested for the effects of distance to range edge and habitat cover (and their interaction) on the occupancy of 378 species detected in all seven studies (total number of observations 31,125). Both mixed-effect models included random factors to account for pseudo-replication (see Methods and Extended Data Table 2 ,3), which makes degrees of freedom difficult to calculate.
Research sample
We chose to test our hypothesis on birds because this taxon has well known taxonomy and high-quality information on geographical range is widely available. We also chose to test this question specifically on Atlantic Forest birds because high resolution land cover maps are available for this region, and because Atlantic Forest birds have a large variation in range sizes, from very small to very large. We obtained data on bird occurrences from seven independent studies conducted in the Atlantic Forest. All studies were primarily focused on understanding the effects of habitat fragmentation on bird communities, and were thus conducted both in fragmented landscapes and in large forest remnants (as controls). In all studies, birds were always sampled within forest patches, which varied in size and proximity to nearby patches, and which were embedded in a mixed matrix of pasture, agriculture and silviculture. In total, we obtained data on presence-absence from a total of 379 bird species sampled in 211 sites. The studies differ in observers and sampling effort, which influences the detection probability, but these variables were controlled for within each study. They also differ in sampling method (two mist net and five point count studies), so we controlled for random differences between studies in statistical models. See Extended Data Table 1 and Supplementary Data 1 for more information on the studies, and species presenceabsence.
Sampling strategy
We searched for studies conducted in the Atlantic Forest of Brazil that had been conducted on fragmented landscapes (with a continuous forest nearby) and that collected data on fragments ranging in size and connectivity to nearby fragments. We also only searched for studies that had sampled the the bird community with a passive sampling approach (i.e. point counts or mist nets). We also specifically searched for studies conducted in in a range of areas within the Atlantic Forest to increase representation of the biome. We analysed data from all the studies that met these criteria (i.e. seven studies in total). The number of studies, and number of sampling sites within studies, determined the sample size in analyses reported in Figure 1 , but sample sizes in Figure 2 were determined by number of species (378) and number of sampling sites (211).
Data collection
Data on bird occurrences were obtained from published literature. We only included studies which were primarily focused on investigating the effects of habitat loss and fragmentation on the bird community.
Timing and spatial scale Bird occurrence data were collected between 1997 and 2014 (but only for a couple of years within each individual study), and the coordinates and location of the specific studies can be observed in Figure 3 and Extended Data Table 1 . We analysed all the bird data from the Atlantic Forest that we were able to collate. Range polygons and forest cover were obtained from BirdLife, SOS Mata Atlântica and Instituto Florestal do Estado de São Paulo, and were the most recent or most appropriate estimates available.
Data exclusions
We excluded one species from our dataset -Picumnus albosquamatus. The records for this species in the Bahia study account for all of the outlier distances to edge (up to 700km outside the range edge). Discussion with study author suggests that either the range map may be out of date and/or there are taxonomic issues with this species. Results with and without this species do not change qualitatively.
Reproducibility
We used AUROC (Area Under Receiver Operating Characteristic) to assess the performance of modelled probability of incidence in predicting observed incidence. We used two approaches to validate the transferability and generality of the model: i) leave-one-out cross validation, omitting each study and ii) single study models. In each case, we fitted the model to the appropriate subset of the data and then predicted incidence for the holdout study (or studies). We also show the responses of a large majority of individual species are concordant with the pattern captured in the community fixed response. Finally, we also include a Sensitivity Analysis which was used to select the most appropriate buffer radius around the centroid of the patch, with which to measure forest cover.
Randomization
In our mixed-effect models, we controlled for: (1) species, both to control pseudo-replication and to account for the fact that species have different responses to forest cover; (2) study, to control for differences in landscape and sampling design. Please see Methods for more information on model construction.
Blinding
Although blinding is not possible in our study, the data were originally collected to address very different questions, and we used all
